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ENTRODUCTION 

The river and reservoir operation studies were to fulfill Work Item 

No, 22 required for the Yellowstone River Basin and Adjacent Coal 
Areas, Level B Study, These studfes were to evaluate the water impacts 
of the Without Plan and the Recommended Plan as developed by the State 
Study Teams for their planning areas, The Without Plan includes future 
development that would take place without government expenditures, 

The Recommended Plan tncludes future development that is government 


planned and funded, 


Originally, these studies were to be part of the State Study Team's 
Planning Report for their planning area, Due to the delays in the 
Level B Study, the North Dakota Planning Area was the only planning 
area in which the river and reservoir operation studies were completed 
as required, Reasons for this were that the rivers in the North 

Dakota Study Team Planning Area are located within the boundaries of 
North Dakota and the studies did not require any data from the other 
planning areas in Montana and Wyoming, The river and operation studies 
for North Dakota Planning Area are part of the North Dakota Tributaries 


Study Team Report, February 1978, 


Because the Montana and Wyoming reports were not completed simultaneously, 
the river and operation studies are an Ad Hoc Report to the Montana and 
Wyoming Study Team reports, This document presents data to reflect the 
effects the State Study Team recommended plan and alternative plans 

have on the 1975 depleted flows that was Work Item No, 12 of the Plan of 


Study, Yellowstone River Basin and Adjacent Coal Areas, Level B Study. 


i 


METHOD 
Operation studies on water budgets have been a tool used in answering 
water supply problems related to land and water resource for years, so 
to fulfill the task stated under Work Item No, 22, a general computer 
operation study (OPSTUDY) was programed to provide the following water 
quantity and quality information; 


1. Flows for each of the four levels of development 


(1985 and 2000 Without Plan, and 1985 and 200 With 


Recommended Plan) at the Yellowstone River station 


and tributary stations listed in Table l, 


2. Differences of the level of development flows at each 


station with instream flow requests from Montana Fish 


and Game and Montana Department of Health (for backup 


data only). 


3. The operating of existing and proposed reservoirs to 
reflect various levels of development. 

4. Determination of the total dissolved solids (TDS) at 
the stream gaging stations based on the regression 


equations and the various levels of flows, 


The size of the Yellowstone River drainage basin made it necessary to 
run two operation studies for the basin, The operation of the 
Bighorn River drainage (including Wind, Shoshone, and Greybull Rivers) 
was one study, and the mainstem of the Yellowstone River Gus the 


tributaries Stillwater, Clarks Fork, Tongue, and Powder Rivers) 


f james a ion’ i ss — —_ | | z= — 


Table I 


SELECTED GAGING STATIONS FOR DEPLETION STUDY 


Name 
Yellowstone River near Livingston 
Stillwater River near Absarokee 
Clarks Fork at Edgar 
Yellowstone River at Billings 
Wind Riyer below Boysen Reseryoir 
Greybull River at Basin 
Shoshone Riyer at Byron 
Bighorn River near St. Xavier 
Tongue River at Miles City 
Yellowstone River at Miles City 
Powder River at Arvada 
Powder River near Locate 


Yellowstone River near Sidney 


Station Number 


6-1925 


6-2050 


6-2085 


62145 


62590 


682775 


6-2850 


6-2870 


6-3085 


6-3090 


6-3170 


6-3265 


6-3295 


composed the other study. Figure 1 is a drainage basin map of the 
Yellowstone River and adjacent ceal areas, This map shows the Bighorn 
River Basin and the flow gaging stations which provided flow informac 
tion for the studies. The initial station on the Bighorn River used 
in the studies was 6-2870, Bighorn River at St. Xavier, The other 
stations in the Bighorn Basin were 6-2850, Shoshone River at Byron; 
6-2775, Greybull River at Basins; and 6-2590, Wind River at Boysen. 

The study of the mainsteam Yellowstone River included Stations 6-1925, 
Yellowstone River at Livingston; 6-2050, Stillwater River at Absarokee; 
6-2085, Clarks Fork of Yellowstone River at Edgar; 6-2145, Yellowstone 
River at Billings; 6-2870, Bighorn River at St, Xavier; 6-3085, Tongue 
River at Miles City; 6-3090, Yellowstone River at Miles City; 6-31/0, 
Powder River at Arvada; 6-3265, Powder River at Locates and 6~-3295, 


Yellowstone River at Sidney. 


All operation studies require various types and quantities of input 
data. To generate the information stated above, the following data 
were used in this study: 

1. 1975 level of development flows 

2. Future depletions 

3. Reservoir operation data 

4. Water quality equations (flow versus TDS) 


5. Instream flow requests 


The 1975 level of development flows were the flows calculated in the 


Yellowstone River Basin and Adjacent Coal Fields - Depletion Study 
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of November 1976, For this: study, the flow data base taken from the 
Depletion Study was for the period of years 1939 through 1975. For 
this reason, flow averages in the Depletion Study are not the same as 
for this study. The future depletions were projected by the 
Yellowstone Level B State Study Teams and are found in the Report on 
the Yellowstone Basin and Adjacent Coal Area, Level B Study for 
Montana or Wyoming, Volumes 7 and 8, Chapters V and IX or Volumes 1, 
2, 3 and 4, Chapter V and VI, respectively, Depletion data were 
projected for five water consumption uses; irrigation (surface or 
groundwater), energy, municipal, industrial, and livestock, 

Tables 2 - 14 show the depletion information by uses and for the 

river reach in which the depletion will occur. The units are in 
thousands of acre-feet per year or thousands of acres depending on 
data received, Each table represents a different plan, The year 2000 
with the recommended plan has five versions for the Montana data only, 
The depletion data were on an annual basis, and the operation study 
and flow data were on a monthly basis, This required a procedure to 
distribute the annual depletion monthly. The criteria for this were 
developed by the Bureau of Reclamation andare discussed in the criteria 


section, 


Three main reservoirs in the Bighorn Basin are Boysen Reservoir, 
Buffalo Bill Reservoir and Bighorn Lake, These Bureau of Reclamation 
reservoirs were operated using current elevation-area-capacity data 


and using the most recent operating criteria set forth in the criteria 
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Table 2 


YELLOWSTONE LEVEL & OPERATION STUOY 


1985 wITHOUT PROJECT DEVELOPMENT LEVEL 


BIGHORN RIVER BASIN 
INITIAL VALUES AND CONSTANTS* 


IRR GW ABOVE BOYSEN -e25000 
IRR GW BOYSEN=-KANE -.90000 
IRR GW SHOSHONE ABOVE RYRON -ef0000 
IRR GW YELLOWTAIL=ST XAVIER 0.00000 
IRR SW ABOVE ROYSEN e53000 
IRR SW BOYSEN -KANE 2280000 
IRR SW SHOSHONE ABOVE BYRON 1.00000 
IRR SW YELLOWTAIL=-ST XAVIER e 72000 
ENERGY ABOVE ROYSEN 0.00000 
ENERGY BOYSEN=KANE 0-00000 
ENERGY SHOSHONE AROVE BYRON 0.00000 
ENERGY YELLOWTAIL-ST XAVIER 0.00000 
MUNICIPAL ABOVE BOYSEN e20000 
MUNICIPAL BOYSFEN=-KANE 230000 
MUNICIPAL SHOSHONE ARV BYRON 230000 
MUNICIPAL YELOWTAL=ST XAVIER 0.00000 
MUN G ABOVE ROYSEN 9.00000 
MUN G BOYSEN=K ANE -.10000 
MUN G SHOSHONE ABOVE BYRON 0.00000 
INDUSTRIAL AROVE BOYSEN °20000 
INDUSTRIAL BOYSEN=KANE 40000 
INDUSTRIAL SHOSHONE ABV RYXON e 30000 
INDUSTRIAL YELOWTAL=ST XAVIER 0-00000 
LIVESTOCK ABOVE BOYSEN °20000 
LIVESTOCK BOYSEN=KANE 40000 
LIVESTOCK SHOSHONE ARV RYRON 21000 
LIVESTOCK YELOWTAL=ST XAVIER e10000 

9200000 

0.00000 
ROYSEN MAX RES CONTENT 802200000 
BOYSEN MIN RES CONTENT 252.00000 
BOYSEN START RES CONTENT . 600.00000 
ROYSEN MAX RES. RELEASE 150.00000 
BUFALO BILL MAX CONTENT 423.90000 
RUFALO BILL MIN CONTENT 48.20000 
BUFALO RILL START CONTENT 2502-00000 
BUFALO BILL MAX RELEASE 36210000 
BIGHORN MAX RES CONTENT 1116.00000 
BIGHORN MIN RES CONTENT 483.40000 
BIGHORN START RES CONTENT 9010-00000 
BIGHORN MAX PRES, RELEASE 488.20000 
BOYSFEFN MAX RFLEASE HT 21.50000 


*Lines 1 - 4 - 1,000 AF 


5 —- 8 — 1,000 AC 
8 -42 - 1,000 AF 
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Table 3 £ 
YeLLUANS TUNG LEVEL 8 JPERATCUN STUDY 77/11/30. 
1985 W11495T JevVeLOPMENT LEVEL 
YELLOWSTONE RIVER BASIN a: 
TNLTIAL VALUES AND CUNSTANTS* 
O1 IRR. GRUVJND wv AdUVE LIVINLSTY 0.LIV00 | 
ve IRR oW LIVINGSTON Tu BiLLINGS 0.00900 
U3 IRR GW ABUVE ABSARUACE v.v0000 " 
04 IRR GN ABUVE EDGAR -=.10900 
U5 IRR GW 6ILLINSS Tu AILes CTY 0 -v0UU0 
Yo IrRrR GW BELUW ST XAVIER Ue-VVVDU00 
v7 IRR ow TONGUE RIVER wy 0.90000 = 
V¢ IRe GW TONGUE RIVER «qT 0.00U00”U 
09 IRR ow MILES CITY Tu SIDNEY U.VU00V0U 
10 IRR GW AdUVE ARVADA 0.UVU00UYU 
11 IRR Gw CLITILE PuUWDER WYU V.eU0UU0U 
le IRR Gw PUWDER MT O.U0HVU + 
15 IRR SW AKUVE LIVINGSTUN 1.59V0UU0U 
14 IRR SN LIVINGSTON TO BILLINGS 6.457500 
15 IRR Sw ASOVE ASSARUKEE e114vu0 
le IRR Sw ABOVE EDGAR 260000 
17. IRR SW BILLINGS TO MILES VCLTY “24514000 
1d IRR Sw BELUW ST XAVIER 1.66000 
19 IRR SW TUNGUE RIVER AYU 6.U3v000 
ev IRR SW TUNGUE RIVER WF 1.34000 5 
et IRR Sw MELES Cli. TO: SLOWEY 16.3700 
22 IRR SW ASOVE ARVADA 6.19000 a 
2S [RR Sw LITILE POUNDER wYO 1.-eceduy 
24 IRR SW POWDER MT 056900 
25 ENERGY ABUVE LIVINGSTuUN V0.U000U | 
26 ENERGY LIVINGSTON TU 3ILLINGS U.UUU00 : 
27 ENERGY AGUVE AZSAROKEE eVLVVU 
2a ENERGY ABUVE EDGAR 0.Q00U00 
29 ENERGY BILLINGS TO MILES CITY e27.50000 
30 ENERGY BELOW ST XAVIcR 0.00000 a 
31 ENERGY TONGUE River wYu 7.59000 
$2 ENERGY TINGUE RIVER af Q.UV00U0U 
35 ENERGY MLEES: Clary jw SLONeiy 2003900 
S54 ENERGY PUWDER ASOVE ARVAVA 1$.509000 
35 ENERGY LITTLE POWDER RIVER wY -e.00000 
56 ENERGY PUADER WIVveRr AT. 0.00000 
37 MUNICIPAL ABUVE LIVINeSTUN V.2eUUU00 
5% MUNICIPAL LIVNSSTIN FU sILLNGS 2.1vdguu 
39 MUNICIPAL AGUVE ABSAKUKEE VeVUVV0 
40 MUNICIPAL ASUV=E EDGAR 210000 
41 MUNICIPAL BILLINGS TU MILES C 40000 
42 MUNICIPAL BELOW ST XAVIER 2 50000 
44 MUNICIPAL TINGJE RIveR wYU e2V0000 ‘ 
4u MUWwIClPAL TUNGJE NIVvVER MI UeUGQVU 5 
45° AUATCTPAL MILES CITY = SLbNEY 2cvVU0 
46 MUNICIPAL ABUVE ARVADA elvIJ0U 
47 MUNICIPAL LITTLE Puwoer RIver veVUIV000 
4e MUNICTPAL PONDER RIVER MT 60000 a 
49 Rk DUMESTIcC TONSUE RIVER wYU 210000 a 
Su R DUMESTIC ASUVE ARVAUDA e100U0 : 
STIR DUMES TERE, LETHE “POWDER? IR v.V000U 
5eP INDLoOTRIAL ABUVE LIVivsSTUN UueVJU0U 
3S INDUSTR LAL LCIVINbSTUN-sILLING efUXUY 
54 sNDUSIXITAL AZUVe ASSARPUKEE UeVUD0U "7 
95 LNDUSTXIAL ABZBUVE EDGAR eivvUU 
56 INDUSfRIAL BILLINGS<4ILeS CTY U.,.UUUUU 
d7 [NDUSTRIAL BELIW ST XAvItcR 0.09000 
534 INDUSTRIAL FONSUE River wYd U.v0v00 ; 
59 INDUSTRIAL TONSUE IVER MT UeuN0N0U 
of INDUSTRIAL MILES CITY=sluncy o2V000U 
ot IWUUSTRIAL ASb0VE ARVAUA ara UeUXVV0U 
od iNDUSTRIAL LITTLE POUNDER wYD U.UUVUU ; 
oS [INOJUSFRIAL PONIJER River MI. UVeVUUVU 
64 LivesTUCK Asdve LIvilivos{uNn e1lvddvU 
od LIVESTSCK LIVINGSTUN-bBILLINGS ecUuV00U 
bb LIVESTUCK ABOVE ABSARUKEE o1V0UU 
o7 LIVESTJCK ABJVE EDGAR e/3000 ‘ 
o@ LIVESTUCK BILLINGSS=-MJLeES CITY e.Uduuv 
69 LIvesTUCK 3ELON ST XaVierR 2/9000 
Ju CIVESTUCK TOVGJE RIVcR WU eAUUU0U 
71. LIVe STUCK IUNGJE RIVER mT -20900 
Ve CIVESTICN MILES CLIPY=STONEY coldJu0U 
75 LLVESTUCK ARQUVE ARVADA oHUVU0U a 
74 LEVESIIGK ERIVTBE POWDER WwYiG ueV0000 
75 LCIvesTICK PUWDER RIVER MT. e S9UU0U 
*Lines 1 - 12 - 1,000 AF 
13 -— 24 - 1,000 AC 
25 - 75 - 1,000 AF 


Table 4 


bo VECEANS TUNE) CEVE LS GP ERAT TON STUDY 78/02/16. 
FROM OM 0ST) a er MO = SEN YEN a a alc 
BIGHORN RIVER BASIN 


INITIAL VALUES Awd CUNSTANTS & 


01 IRR Cw ASOVE BIYSEN ee Sn ee U Ora) sear SAIC Sees aia 7 i. roo 
Ce [RR GA FUYSENeKAVE “1.49000 


OS TRR GW SHUSHONE ARGVE SYRON =e. e20000 
O04 fRR BW YELLOATATL=ST XaVLER Q.udvU0U 
VET Colts AB eny Exes O Ean = aia aan ec aieal eae OM chum mg SE Suna Y= aca mag ep eg ee 
No [RR SW ANYSEN -<KANE a.nd v0u 
U7 IP? SW SHOSHONE ABOVE FYROW— Ss. 70000 
Uc [Re SW YE ELLOATAIL@ST KAVIER 1.59)00 
09 ENERGY ABOVE SIYSEN” eee uy no 
lv cVMEREBY SOYSENM-KANE VeUdDVOND 
BEN ERGY] SHllotuN=ssARo cao Uiie site OU, 89 ne mp pa eye eyes ne ey 
l@ cNERGY YELLOANTAILSEST XAVIER U.v0000 
LS MIL NS aA OVCOUY Seti ake een Le ° oS Guu 9... ppar a aie 
14 MUNICIPAL sOYSEN-KANE 1.00900 
Zi IS MUNICTPAL SHUSSNYE ABV SYRUN- 7 OD0 Sig pane An ee na Sy) eye ee as soe, 
lo MUNICIPAL YELOWTAL=ST XAVIER VeUNO0L 
“17 “MUWG-ASOVE STYSEN eee UUhG ea ee we 
Tsk MUN S SUYScNeK ANE 2.udu09 
1S MUN S “SHUSHITIE AANVE -BYRUN 7, co0tT a : aoe ra gree Soave oe ae 
Pt INDUSTRI AL ASOVE BUYSEN ecodunu 
SPreINJUSTRIAG BUYSENSRANE canes Tl bs touO oy: Sf ee a ee na eng eee pare 
2c INDUSTRIAL SHOSHUNE ABV 4YRKD 4 5.99000 
2 Serle sence es eye Les als iMeION Ree AU AER UA UN an i Sa 1 ee eye Ppa eG 0 ee Gee yes Pema ay 
22 PIVESTUCK VAIVS SUYSEN 39009 
25 HIVES PICK MUO MenrivE bane ae Lelie. = : eas Se 2 tee OEE ae Rs pal eae. 
25 LIVESTUCK SHJSHONE 435V BYRON 1.49000 
edt iV E Sue noel Hsia soma ears velba ao Sil CGLU PAG 1 aT = hg Oe e255 Se ney Page Pee 
2% MUTIICTPAL ABSIVE AUFF ALY BILL 0 .UNI0U 
aE COO NU Onis Vice ars aunr eam U Gin ee Rabie fa GM eallus. Meo. 0 ore | Ger A ecm pe ea noe 
Su BOYSEN MAX Res CUM eudt : 302.0000 
ee Se menriNert eS arGul Reni rama cS UU wa ree warrantee 
$2° SOVSeN SPAR T "RES CONTE S90 699000 
aes a Sina Oi te ke CRO lcmaia AS cam em es Sl CVU ONO nes iar ae eae Se ae = ge tes pS oe 
$4 5)rP ACO ATER WAX CONTE 4P3.90096 


So SUPA LE SmAR TT COM ent 250 .0U9U0U 

a GSA) Chak eA Nani hte Ot mmnma ce iS pregl UUme caay GaSe ale baa = eG eee ee ee 
$5 SIGHYURN WAX RES CONTERT 11ll6o.uv000t 

ae SSmr LGR Matas REO mGlIN het Ine d ORS oe OUUni aes. ieee TUR GaN Oa as a as ee ee ee ee 

4y rIGRURs, START RES CuNTENT 2095 VIVOION 

5 “= Bila OL GRuRii nti mie. > cht aa Laem Em anomie On ea cee 7 Gee Eee Le Oe a Carer te. Bee a Se 
Ae sUrFFALt SILL CUNDULT “AX el 35009 
SS iVrohacnmaso Veo Um seE oie = i rst owumee: yauis so —* Sar tee a 2 ee 


*Lines -L--. 4-—-1,000 AF-—-----— = Er aaa AE ES ee eee a2 Ob eek 
5 - 8 - 1,000 AC 
os (AS BOG AB eee 


_Table 5 


YELLOVSTONE LEVEL BR -TPERATION STunY 777 
P0000 WATTHOUT DEVELOPMENT LEVEL 


YELLOWSTONE RIVER BASIN 


INITIAL VALUES ONT CONSTANTS*® ~~ Sa IE ua eS 
01 IRR. GROUND W AROVE LIVINGST 0.90000 
02 IRR GW LIVINGSTON TO 8ILCCINGS~—~-0.n00n0 ie 
03 IRR GW ABOVF ABSAROKEF 0.90000 
O4 IRR GW ABOVE HEDGAR = i 4 a Swe 000: stars - 
05 IRR GW RILLINGS TO MILES CTY 0.00009 
% 06 IRR GW” BELOW ST-XAVTFER- TT. ONT 
07 IRR GW TONGUE RIVEP WY 0.90000 
068 TRA GW “TONGUE RIVER Mia. 5 0e 00000: saan oa 
09 IRR GW MILES CITY TO SIDNEY 0.90000 
19 IRR GW ASOVE ARVADA ——--———— =H. 0000 
J1 TRR GW LITTLE POWDER wyn 0.00009 
12 IRR Gw- POWRFR -F—— te hr 
13 IRR Sw AROVE LIVINGSTON 3.75000 
14 IRR SW-tEVINGSTON- FO BELCINGS 15940 
15 IRR SW AROVE ARSAROKFE °2RNON 
OTR SW ARON ECE GAM mci re OOO pa een aa Th 
17 IRR SW BILLINGS TO MILFS CITY 27-86000 
<— Sar RR SW Bet ON SoA VibtoRs = seme ee COO cae ae 
19 IRR SW TONGUE RTVER WYO 6203090 
20) TRR=SW—-FENGUE- RIVER ME 3 000 = Ss 
21 TRR SW MILES ‘CITY TO STONEY 45.940N0 
22 - ERR Sw ABOVE ARVADA : SS ye LOO = 
23 IRR SW LITTLF POWDER wyd 1.22000 


BE ERE St POWER Mt 


25 ENERGY AROVE LIVINGSTON 9.90000 
26 FNERGY LEVINGSTON- 10 STLtINGS-——.14300 - 
27 ENFRGY AROVF ARSAROKFE 252500 
28 ENERGY ABOVE FNGAR.-.—-__ 9, 99060 a 
29 ENFRGY BILLINGS TO MILES CITY 43.65000 
3 FRIFAGY SEL OW 5 Ray Pe pe eg 
31 ENERGY TONGUF RIVER WYO 30.00000 
32 ENERGY TONGUF RIVER—MT-——--__24.19900- - — - ~ 
33 ENERGY MILES CITY TO STONEY 0.00000 
34 ENERGY POWDER 4ROVE ARVADA —51.09009—--—--— ————-—- : ae 
35 ENERGY LITTLF POWDER RIVER wy 0.00000 
36 ENERGY POWDER RIVER-MT;————_—_1 8 A 46.6 — 
37 MUNICIPAL AROVF LIVINGSTON 9.90000 
3A MUNTETPAL-EIYNGSTN- TO -RILLNGS 650000 a 
39 MUNICIPAL ABOVF 4ASAROKEF 0.00009 
40 MUNICIPAL SROVE-EAGAR a AA - a 
41 MUNICIPAL BILLINGS TO MILES C 3.20000 
~ 42 MUN EET P AL REL OWS FAR tt SE 


43 MUNICIPAL TONGUE RIVER WYO 0.00000 

44 MUNTEIPAL TONGUE RIVER-MF-— —-—-th hat 

45 MUNICIPAL MILES CITY = SIONEY 0.00009 

46 MUNICIPAL- ABOVE ARVAMA —--—---—-—-—-O.008A8- —- ——--- —- = 
47 MUNICIPAL LITTLE POWDER RIVER 0.00000 

&B MUNTEIPAE-POWDFER-REYER— HF —— ta a 
49 R DOMESTIC TONGUE RIVER wy) ~lo0nn9 

S50 R DOMESTIC- ABOVE- ARV ANA————--—-— 1-0 110-9---- - = — 

51 R DOMESTIC LITTLE POWDER & 0.09000 : 

52 INDUSTRIAL ARAVE—-: EVENGS FON --—--_-4,0190-— —-——----- 
53 INDUSTRIAL LIVINGSTON-=8ILLING 1.40099 

54 INDUSTRIAL AROVE ARSAROKEE 0.90000 
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LIVNSSTN TJ dILLNGS 
A8IJV=Z ABSARUKEE 
A30VE EDGAR 
SJILLINGS TU MILES C 
BELOW ST XAVIER 
TONGUE RIVER WYO 
TOUNGJE RIVER MT 
MEEES Cli = SwoNney, 
ABOVE ARVADA 
LITTLE PIWDER KIVER 
POWDER RIVER MT 
TONSUE RIVER wYtU 
ABUVE ARVADA 
EDRTMEE (POWvERAR 
ASOVE LIVINGSTUN 
LIVINGSTUN=3ILLINS 
ABOVE ABSARUKEE 
AB80VE ELGAR 
BIELINGS =f LES (GThyY 
BeLJw ST KAVIER 
TUNSUE RIVER wYu 
TINSUE RIVER MT 
MILES CITY-SIUNEY 
AS0VE ARVADA wY)D 
LITLE PUwVER WYO 
PSWIEX RIVER wT. 
ABQVe LIVINGSTUN 
LIVINGSTON-=31LLINGS 
ARDVe ABSAROKEE 
AdguVz EDGAR 
BILLINGS=-MILES CITY 
BELON ST XAVIER 
TOVGUE RIVER wWyG 
TONGUE RIVER MT 
MILES CLITY<S TONEY 
ABIVE ARVADA 
LITTLE POWDER wYg 
PONDER RIVER MT. 


*Lines 1 - 12 - 1,000 AF 
13 - 24 - 1,000 AC 


Pah Ifo), 


1,000 AF 


4.U0000 
0.Uu0N00 
veVOIUN 
1u0.55000 
1.09000 
2950090 
9.00V00 
v200000 
0.00000 
U.-U0UV00 
0200009 
veJ0V00 
4.75000 
15.9400 
228000 
$.47000 
$4.¢c4000 


37.9000 


15.92000 
16,.40000 
55.42000 
19.70000 
2299000 
15.97)000 
0.00000 
217300 
°.92500 
2200000 
4$.6500U 
v.v090U 
30.51100 
20.91000 
Q0.v000VU 
v.00U0U 
U.UQU00 
55.03000 
0.00000 
6.50000 
0 .V9U0) 
2900 
5.20900 
1.10000 
0.09000 
U.U0U00U 
0.00000 
0.C0000 
v.Y0U00 
4.52500 
220000 
5.UV000 
ve090U0ND 
92.0 VU00 
1.4000U 
U.0UU00U 
2ecDU00 
u.v9UUU 
0.09000 
0.00000 
)yeVVU00 
~40000 
v.V0000 
0.00900 
U.00009 
-97000 
o9700U 
97000 
1.1500 
9.00000 
1.15000 
1.e0v00 
2€-40000 
5.00000 
290000 

2 50000 
$.5000U 


74/03/16. 


Table 11 


YELLOWSTUNE LEVEL 3 OPERATION STUDY 
2000 RECIMENVI DEVecLUPMENT LEVEL 
WITHOUT SRD AND PUMPING PROJECTS 


INIT 


ERR, SROUN 
IRR GW LIV 
IRR OW Ab 
IRR GW 48 
IRR GN BI 
IRR GW se 
TRR GW 10 
LRR Gw TG 
IRR GW MI 
IRR GW ABU 
IRR Gow (teat 
IRR GW PO 
IRR SW ASO 
IRR SW LIV 
IRR SW ABD 
IRR SW ABO 


IRR SW BIL 


IRR SW BEL 
IRk Sw TON 
IRR sw TON 
IRR SW MIL 
IRR Sw Awd 
IRR SW LIT 


IRR SW POW 


ENERGY AsO 
ENERGY LIV 
ENERGY ABO 
ENERGY AsO 
ENERGY BiL 
ENERGY BEL 
ENERGY TON 
ENERGY TUN 
ENERGY MIL 
ENERGY POW 
ENERGY LIT 
ENERGY PUW 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICTPAL 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 


MUNICIPAL 


mUNICTPAL 
k DUMESTIC 
R DUMESTIC 
XR DAMESTIC 
INUVUSTRIAL 
INDUSTRTI4L 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
ANDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
LIVESTOCK 
ELVES TUCK 
LIVESTIJCK 
LIVESTOCK 
IVES Tacit 
LIVESTJUCK 
LIVESTUJCK 
LIVvesfocK 
LIVESTUCK 
LIVESTUCK 
LIVESTOCK 
LIVESTJCK 


YELLOWSTONE RIVER BASIN 


TAL VALUES AND CONSTANTS* 


V w# ABUVE LIVINGSTY 
INGSTON TO BILLINGS 

OVE ABSAROKER 

UVE EDGAR 

LLINSS TO MILES CTY 

LOw ST XAVIER 

NGUE RIVER WY 

NGUE RIVER MT 

EES CUR TO: SaDINEY 

VE ARVADA 

TTLE PJWDER. wYD 

WOER MI 

VE LIVINGSTOW 
INGSTOV TO BILLINGS 

VE ASSAROKEE 

VE EDGAR 

LINGS TO MILES CITY 

OW ST XAVIER 

GUE RIVER wv 

GUc RIVER MF 

ES ‘ClTY: TO! STDNEY, 
VE ARVADA 

TLE POWDER WYY 

DER MT 

Ve LIVINGSTON 
INGSTON TO BILLINGS 

VE A3SSAROKEE 

VE EJGAR 

LINGS) TO) MIBES cObry 

OW ST XAVIER 

GUE RIVER wYD 

GUE RIVER “yr 

ES? G0 FY TO) SE Div By. 

DER ABLUVE ARVADA 
TLE PONDER RIVeR WY 

DER RIVER MT. 

AR0VE LIVINGSTUN 

LIVNSSTN TU BILLNGS 
ABOVE ABSAROKEE 
AdOVE EDGAR 

SILLINGS TU MILES C 

KELON ST XAVIER 

TONGUE RIVER wyO 
TUNGJE RIVER MT 

MILES CITY = SLDNEY 
ABOVE ARVADA 

LITTLE POWDER RIVER 

PONDER RIVER MT 
TUNSUE RIVER wYO 
ASOVE AKVADA 
LITTLE PUWDER R 
AB0VE LIVINGSTON 
LIVINSSTOGN@=8ILLING 
A30VE ASSARVUKEE 
ASOVE EUVGEAR 
BILLINGS=MILES CTY 
BSELIW ST XAVIER 
TUNSUE KIVER wry 
TONSUE RIVER AT 
MILES CITY=<SIUNEY 
ABDVE ARVADA WYU 
LITfLe POWDER wrO 
PIWIER RIVER MT. 

ABUVE LIVINGSTON 

LIVINGSTIN=BILLIWGS 
ABOVe ABSARUKEE 
ABUVE EDGAR 

BILLINGS=-MILES CITY 

BELON ST XAVIER 
TONGUE RIVER wyYO 
TONGJE RIVER MT 

MILES CITY=SIDNEY 

ABOVE ARVADA 

LITTLE PUWDER wY9 

PONDER RIVER MT. 


*Lines 1 - 12 - 1,000 AF 


13 - 24 - 
25a 75s 


1,000 AC 
1,000 AF 


4.00000 
0.v000U 
¥veV0000 
10.55000 
1.000Q0 

2 9500u 
0.0000y 
0200000 
0.00000 
0.00090 
0.UQNUN0 
0.00000 
4.75000 
15.94000 

-28000 
$.47000 


$0.46000 | 


32.73000 
15.92000 
16.49000 
45.940090 
19.70000 
2.50000 
15.97000 
0.00000. 
-17300 
252500 
ve2v9000U 
43.65000 
0.00000 
30-51100 
20.910090 
g.v0000 
0.00000 
0.00000 
55.05000 
0.00000 
6.20000 
0.00000 
229000 
3.20000 
1.10U000 
0.00000 
v.00000U 
0.UU009 
0.U0U00 
U.00000 
4.592500 
ecV0V000 
3.00U0G 
U.0V0000 
v.00000 
1.40000 
v200000 
2220000 
0.V0000 
0.v0000 
G.00000 
6.00000 
40006 
0.00U00U 
v.QuU0U 
0.00000 
~3/U000 
29700 
297000 
1.15000 
5.00000 
1.15000 
1.20000 
2.40000 
5.00u00 
27000 

- 30000 
$.5)v00 


76/03/16, 
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Table 12 


YELLUWSTGNE LEVEL 3 JP ERATION STUDY 
2000 RECUMENIED DEVELOPMENT LEVEL 


WITHOUT HARDIN PROJECT 
BIGHORN RIVER BASIN 


INITIAL VALUES Awd CONSTawTs * 


91 TR SW ABOVE 3BDYSEN -./)00U 
Q2 TRR GAN BUYSEN@KANE -1.49090 
OS IRR SAW SHUSHONE ABIVE 3YRON -2.20900 
04 IRR GY YELLUATAIL=<NST XAVIER 0-09000 
05 LRR Sw A50VE BIYSEN o2./0009 


U6 IRR SW BUYSENSKANE 
O07 IRR SW SHOSHINE ABUVE 3YRGN 


32 SOYSEN START RES CUNTENT 
33 POYSEN MAX RES. RELEASE 
34 SsUFALO BILL WAX CONTENT 
3S JUFALO BILL MIN CONTENT 
36 SURAGCU BILE START CONTENT 
37 BUPALO BIULL, MAX REEEASE 
$8 BISHURN MAX RES CONTENT 
39 BIGRIRN MIN RES COvTENT 
4G sIbHURN START xEs CONTENT 
4] BIGHURN MAX RES. RELEASE 
Oe suUFFALS bILL CIUNDUIT MAX 
45 LIVESTAGCK ASOV= BUREAU. Bice 


*Lines 1 - 43 -. 1,000 AF 


85.90000 
93.50909 


05 [RR Sw YELLOATAIL=ST XAVIER 1.69000 
U9 ENERGY ASOVE 3IYSEN 0.99000 
19 ENERGY BUYSEN@KANE v.00 009 
~4] ENERGY SHOSHONE ABOVE 3SYRUN y.09000. 
12 ENERGY YELLOWTAIL@ST XAVIER 9.69000 
13 MUNICIPAL ABIVE 30YSEN o/Y300 
14 MUNTCTPAL BUYSEN]|K AWE 1.15000 
15 MUNTCIPAL SHOSHONE ASV BYRON 50000 
16 MUWICTPAL YELOAWNTAL#=ST XAVIER Ye.U0U0U 
17 “UN G ABUVE SROYSEN 0.Uu0VU0U 
1a “UN G 30YSEN=KANE Ve. V9VU0U 
19 MUN G SKOSHOGNE AB0VE 8YRUN 0.09000 
2¢ LVOUSTRIAL ABOVE BOUYSEN 1258000 
C1 INDUSTRIAL 3B9YSENWKANE $.9600U 
ec INDUSTRIAL SHOSHONE ABV BYRON 7.55000 
25 INDUSTRIAL YELINTALHST XAVIER ue VV000 
PG LIVESTOCK ABOVE SOYSEN 2P.0R000 
25 LIVESTICK SOYSEN-KANE 1.90VU00 
eo LIVESTUCK SHOSHONE ABV BYRUN 22 S000 
27 LIVESTOCK YELONTAL=ST XAVIER e~l0u00U 
25 MUNICIPAL ABOVE SUFFALU BILL 40000 
29 INDUSTRIAL AROVE BUFFALO BILL oP D000 
3U SOYSEN MAX RES CUNTENT 5Uc.U0U00 
31 bUYSEN MIN RES CONTENT P32. V0OUVY 


6V0.00900 
15U.2.0NU000 
423 .90000 
4e.20v000 
259.00000 
$h.19000 


Lilo.vddVuU 


465640000 
500 .00G090 
4A S2DUDU 
21.5000 

2540u 


78/03/15. 
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*Lines 1 - 12 


YELLOWS 


Table 13 


TOWE LEVEL 3 IPERATIUN STUDY 
_ 2u00 KECIMEV) DEVELIPMENT LEVEL 


WITHOUT SRD AND STORAGE PROJECTS 


YELLOWSTONE RIVER BASIN. 


INITIAL vALUcLS AND CUNSTANTS* 


IRR, GROUN 
IRR Gw LIV 
IRR SW AB 
IRR GW AB 
IRR io WN BI 
IRR GW BE 
IRR ow TG 
IRR Gin TO 
12k Sw MI 
IRR GW ABD 
IRR Sa LI 
IRk Gw PO 
[RR SW ABO 
IRR 5A LIV 
IRR Sw ABQ 
IRR ow AsO 
IRR Sw BIL 
IRR SW BEL 
IRR Sw TON 
IRR Sw TON 
IRR Sw MIL 
TRR Sw A5U 
IRR Sw LIT 
IRR Sw POW 


2 w ABOVE LIVINGSTV 
INGSTON TO SILLINGS 
OVE ASSAROKEE 

UVE ZDGAR 

LLINSS TO MILES CTY 
LON ST XAVIER 

NGUE RIVER «AY 

NGUE RIVER MT 

WES. CITY TO. STONEY 
VE ARVADA 

TTLE POWDER «YU 
WOER MT 

VE LIVINGSTON 
INGSTON TO SILLINGS 
VE A3SARDKEE 

VE EDGAR 

LINGS TO MILES CITY 
UW ST XAVIER 

GUE IVER wYd 

GUE RIVER MF 

ES CITY TO SIDNEY 
VE ARVADA 

TLE POWDER wYO 

DEX MT 


ENERGY ABUVE LIVINGSTON 


ENERGY LIV 


INSSTOV TO SILLINGS 


ENERGY ABOVE ASSAROKEE 
ENERGY ABOVE EDGAR 


EWERGY BIL 
EWERGY BEL 
ENERSY TUN 
ENERGY TUN 
ENERGY MIL 


LINGS (0 MILES CITY 
UW ST XAVIER 

GUE RIVER wYU 

GUE RIVER mT 

ES CITY TO SIUNEY 


cCNERGY PUWDER ABJVE ARVAUA 


ENERGY! 17 
ENERGY POW 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICTCIP4L 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNICIPAL 
MUNTCTPAL 
nk DOMESTIC 
R DGMESTIC 
r VOMESTIC 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
INDUSTRIAL 
INUVUSTRIAL 
INDUSTRIAL 
TNOUSTSIAL 
INUUSTRIAL 
INDUSTRIAL 
TVVUSTRIAL 
INDUSTHIAL 
LIvestTuck 
LIVESTJUCK 
LIVESTSCK 
LIVESTICK 
LIVESTUCK 
MIVESTOGK 
LIVESTOCK 
LIVESTSCK 
ELVES TOEK 
LTVESTuCK 
LIVESTUCK 
LIVESTuCK 


TLE POWDER RIVER wy 
DER RIVER MT. 
ABOVe LIVINGSTON 
LIVNSSTN TU 6ILLNGS 
ABOVE ABSAROKEE 
ABOVE EDGAR 
BILLINSS TJ MILES C 
BELON ST XAVIER 
TONGUE RIVER wyO 
TONGJE RIVER MT 
MEIVES CLI = -STDINEY: 
ABIJVE ARVADA 
LITTLE PUWDER RIVER 
PONDER RIVeR MT 
TUNGUE RIVER wYU 
ABOVE ARVADA 
LITTLE POWDER R 
AP0VFE LIVINLSTON 
LIVINGSTOWV=31LLINS 
ASOVE ABS4ARUJKEE 
A80VE EDGAR 
BILLINGS=4ILES CTY 
BELINVN ST XAVIER 
TINSJUE RIVER wy 
TONGUE RIVER MT 
M{L=ES CITY=SIDNEY 
ABDVE ARVADA WYU 
LITTLE POQwucr WYO 
POWJER RIVER MT. 
asJVE LIviveston 
LIVINGSTJUN-=BILLINGS 
A3DVE ASSARDKEE 
ABJV= cUGAR 
BILLINGS-MILES CITY 
BELUA ST XAVIER 
TONG JE RIVER wd 
TONGJE RIVER MT 
MIucs CITY=SLONEY 
ABOVE ARVADA 
LITTLE POWDER wY9 
POADER RIVER oI. 


- 1,000 AF 


13 - 24 - 1,000 AC 
25 - 75 - 1,000 AF 


0.0000U 
U.00000 
7.00000 
0.00000 
V.VUQUY 
95000 
0.00900 
0.U0000 
0.00000 
0.v0U0U 
0.u0000 
0.00000 
$.75u000 
15.94000 
-c3000 
1.67000 
31.70009 
9.57000 
15.92v00V 
5235000 
53.47000 
19.70G0U 
2.30000 
13.9790U 
0.00000 
2174500 
222500 
0.00000 
43,.65000 
Je-00000 
50.31100 
20.91000 
9.00000 
2.00000 
0.69000 
52.03v00U 
0.00000 
6.500900 
0.U0000 
220000 
3.20000 
1.10000 
0.09000 
0.00000 
0.90000 
U.UU00U 
G.09uV000 
4.52500 
20000 
3.00000 
9.v9V00 
Y0.UNU0U0U 
1240006 
0.00000 
2.cd00U 
0.09000 
0.00000 
U.V0U0U 
92.Uu000U 
249000 
0.00900 
0.09000 
0.00000 
o9T000 
097000 
297000 
1.15000 
5.00000 
1.15000 
1.c0uv0U 
¢e40000 
5.v0000 
290000 
250000 
3.50000 


73/03/16. 
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Table 14 


YELLOWSTONE LEVEL 3 JPERATIUN STUDY 
2v0U RECIMEVD DJEVELUPMENT LEVEL 


WITHOUT SRD & HARDIN PROJECT 
YELLOWSTONE RIVER BASIN 


INITIAL VALUES ANU CUNSTANTS* 


O01 IRR. GROUN 
Q2 RR bw LIV 
05 IRR GW AB 
O04 IRR Gw AB 
U5 [RR GN BI 
Qo IRR GW BE 
U7 IRR GA TO 
08 IRR Gw TO 
UG IRR GW MI 
lu IRK GW ABU 
11 IRR Gw LI 
le IRR GW PO 
15 IRR SW ABO 
14 IRR sw LIV 
15 IRR Sw Abd 
lo IRR SW ABO 
17 IRR Sw 6IL 
18 IRR Sw BEL 
19 IRR sw TON 
20 IRR SW TON 
ei IRR SW MIL 
22 [Rk Sw 4B0O 
25 IRR SW LIT 
24 IRR Sw POW 
25 ENERGY ABO 
26 ENERGY LIV 
27 ENERGY A30 
26 ENERGY 430 
29 ENERGY BIL 
30 ENERGY BEL 
31 ENERGY TUN 
32 ENERGY TUN 
$5 ENERGY MIL 
$4 ENERSY PUW 
35 ENERGY LIT 
30 ENERGY PUW 
37 MUNTCIPAL 
36 MUWICIPAL 
39 MUNICIPAL 
40 MUNICIPAL 
41 MUNICIPAL 
42 MUNICIPAL 
43 MUNICIPAL 
44 MUwICIPAL 
45 MUNICIPAL 
46 MUNICIPAL 
47 MUNICIPAL 
43 MUNICTPAL 
49 kK DOMESTIC 
30 R DOMESTIC 
S51 Kk DOMESTIC 
Se INVUSTRITAL 
S35 INDUSTRIAL 
54 INUUSTRTAL 
55 INUUSTRIAL 
56 INDUSTRIAL 
S¥ INUVUSTRIAL 
56 INDUSTRIAL 
59 INDUSTRIAL 
60 INDUSTRI4L 
61 iNvUSTRTAL 
62 [NDUSTRIAL 
95 INDUSTRIAL 
64 LIvESTUCK 
55 LIVESTUCK 
65 LIVESTUCK 
67 LIVESTUCA 
65 LIVESTICK 
69 LIveSTJUCK 
ACS ELVESTICK 
7A LIVesT ICK 
he -ELVESMUCK 
73 LIVESTUCK 
74 LIVESTOCK 
7S LIVESTOCK 


*Lines 1 - 12 - 
13 - 24 - 
25 - 75 - 


VU WN ABIVeE LIVINGST\ 
INGSTUON TU BILLIWGS 

JVE A8SAXOKEE 

OVe =DSAR 

ABENSS <0 MIrEES” ICY 

LOw 3T XAVIER 

NGUE RIVER vy 

NGUE QIVceR- MT 

GES CITY. Til S2DNEY, 
VE ARVADA : 

TTLE POWDER wig 

ANER MT 

VE LIVINGSTUN 
INGSTOVN TO BILLINGS 

VE A3SSAROKEE 

VE EJGAR 

LINGS TO MILES CITY 

UW ST XAVIcR 

GUe RIVER WYY 

GUE RIVER MF 

ESET TYATOMSLDNEY 

VE ARVADA 

TLE POWDER wru 

DER wT 

VE LIVINGSTON 
INGSTON TO SILLINGS 
VE A3SARJOKEE 

VE EJGAR 

EINGS TO MILES (EFT y 

UW ST XAvIeR | 

GUE RIVER wYO 

GUE RIVER MT 

ES aCi ay 1G Si DivEy: 

DER ABOVE ARVADA 
TLE POwWDeR RIVER wy 

DER RIVER AT. 

ABUVE LIVINGSTUN 

LIVNSSTN TU sILLWGS 
ABIVE ABSAROKEE 
A30V= EDGAR 
STELINGS: TO MEWES —C 
SELON ST XAVIER 
TUNGJE RIVER WYU 
TONGUE RIVER MT 
MILES CITY = SIDNEY 
ASOVE ARVADA 

LITTLE POWDER RIVER 

PONDER RIVER MI 
TONSUE RIVER WYD 
ABOVE ARVAUA 
LITTL= POWDER k 
ABOVE LIVINGSTGH 
LIVINSSTON#-SILLINS 
AZUVE ABSARUKEE 
AKROVE EDGAR 
BSILLINGS=“ILES CTY 
BeLJW ST KAVIER 
TINGUE RIVER WYU 
TUNGUE RIVEX MT 
MILES CITY~sIoONecyY 
ABOVE ARVADA AY 
LITTLE PONDER wyd 
POWIJER RIVER wT. 
ABIVE LIVINGSTUN 
LIVINGSTIN=BILLINGS 
A30VE ABSARDHAEL 
ABIVE ENLAR 
SBTLLINGS=MiLcS CITY 
BELON ST XAVIER 
TONGIJE RIVER wry 
TOVGUE RIVER mT 
MILES CIIY=SI10NEY 
A3DVE ARVADA 

LITTLE PIWDER wYd 
PONDER RIVER MT. 


1,000 AF 
1,000 AC 
1,000 AF 


4.,u000N 
6.00000 
0.00U00 
10.3500vU 
1.60000 
oISUUU 
0.UV00U 
GeVv0V9U 
0.90090 
U.00UUU 
0.U0U000 
0.00U0U 
4.75000 
15.94000 
-cd0vuU 
3.47000 
9.57000 
37.90900 
15.92000 
16.49000 
53.42v00u 
19.70000 
2.50000 
13.9700 
0.00000 
217300 
2923500 
v.200000 
43.6050U0U 
v.00000 
30.31100 
20.91000 
0.00000 
0.00U00 
veV0V00 
55.uU3000 
0200000 
62300090 
0.u0U00 
29000 
5.20000 
1.10000 
0.90000 
0.G0U00 
u.v0000 
0.00009 
0.U000U 
4.52500 
-200U0 
5.0U0U00U 
U-V0U000 
JVeV0V00 
1.40000 
v.UdU0U 
2.20000 
u.-U0U00 
0.U000U 
UVe0NU0) 
9.U9U90 
40090 
U.-00U000 
0.00000 
G.U0U9VU 
297VU0 
297000 
eITVOL 
1.1500 
a.N0000 
1.1500 
1.2000u 
240000 
5.0900u 
2 IV00U0 

- 50U00 
$.59090u 


78/03/16. 


section, The plans recommended by the Study Teams for both Wyoming 
and Montana proposed many onstream and offstream storage reservoirs, 
Most of the reservoirs would contain only small volumes of storage, 
Some hand operation studtes of these proposed reservoirs were received 
from the States and some were done by the Bureau of Reclamation, 
Because these studies indicated little changes in the monthly flow 
pattern in their respective stream, these reservoirs were considered 
run-of-thenriver reservoirs, Therefore, in the computer operation 
studies for Level B, a depletion for reservoir evaporation and for the 
irrigation or energy development under each proposed development was 
made without operating each proposed reservoir, Table 15 shows the 
average evaporation for an average surface area for each proposed 


reservoir. 


Water quality equations, from which new total dissolved solids 


concentrations were derived in relation to new computed flows, were 


found in the Yellowstone River Basin and Adjacent Coal Area - Level B 
Study, Montana, Wyoming, North Dakota - 1975 Surface Water Quality “ 


Conditions based on 1975 Level Depleted Flows, This report included 


water quality analyses for stations in North Dakota, Wyoming, and 


Montana, The limitations of historical data, however, prevented 


a a a ee oe el lo 


looking at surface water quality at all the stations found in 

Figure 1. Six river gaging stations used in the operation study had 
adequate historical data to develop flow versus TD§$ regression 
equations, The six stations, Yellowstone River at Billings, 


Miles City, and Sidney; Tongue River at Miles City; Shoshone River 
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at Lovell; and Greybull River at Basin were used to predict the river 
TDS for the various levels of develgpment presented by the State 
Study Teams, The regression equations used are listed in Tables 16 


through 19, 


Instream flow requests were checked in the operation study against 


the new computed flows, The instream flow requests were from two 


sources, Application for Reservation of Water in the Yellowstone River 
Basin by Montana Fish and Game Commission, Helena, Montana, 


November 1976, and a letter containing reservation requests from the 
Department of Health and Environmental Sciences, These requests are 
also found in Chapter VI of the Report on the Yellowstone Basin and 
Adjacent Coal Area Level B Study for Montana, Volumes 2, 3, 4, and 
5. Table 20 lists these monthly requests, No instream flow requests 


were received from Wyoming, 
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Table 156 


REGRESSION EQUATIONS, TDS versus FLOWS 
YELLOWSTONE RIVER AT BILLINGS 


Month 
Jan log TDS 
Feb log TDS 
Mar TDS 
Apr log TDS 
May IDS 
Jun Log TDS 
Jul TDS 
Aug log TDS 
Sep TDS 
OCE log IDS 
Nov TDS 
Dec TDS 

All Months log TDS 
TDS = Average Monthly 
Q= 


Equation 
= 3,16424 - ,12912 log Q 
= 3,54116 - ,20614 log Q 
= 1527,71 - 235,17461 log Q 
= 4,24384 - ,34054 log Q 
= 924,22705 = 131,16983 log Q 
= 2,57791 -— ,08230 log Q 
= 935,46143 - 135,05623 log Q 
= 4.27605 - .35261 log Q 
= 1622,26001 = 251,31508 log Q 
= 5.05812 -— ,48689 log Q 
= 2255,61938 - 368.94141 log Q 
= 2119.83569 -— 346,26465 log Q 


= 4,82194 - ,44798 log Q 


Total Dissolved Solids, mg/1 


Monthly Discharge, acre-feet 
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Table 17 


REGRESSION EQUATIONS, TDS versus FLOWS 


GREYBULL RIVER AT BASIN 
TDS = 661 « ,419 Q 
where @ = monthly flow in ft/s 


TDS = concentration of Total Dissolved 
Solids, mg/1 


oa lra.tsé=“[ 


SHOSHONE RIVER NEAR LOVELL 


TDS = 586,83 - ,030 Q 


where Q = monthly flow in ft/s 


concentration of Total Dissolved 
Solids, mg/1 


V 


TDS 


— 


YELLOWSTONE RIVER AT MILES CITY 
The regression equation between Q at Sidney and Q at Miles City was 
used to obtain Q at Sidney, The equation is: 
Qo = 1,388 + 1,126 Quc 
where Qo = discharge at Sidney, 1000 AF 


Quc discharge at Miles City, 1000 AF 


and the appropriate monthly TDS - Q relationship for the Yellowstone 


“sp 
River near Sidney (Table 18) were used to obtain TDS for Sidney, 


— 


The regression equation between TDS at Miles City and TDS at Sidney was 


mee" 


used to obtain TDS at Miles City, 


TDS v0 = i291 oh 9598 TD8 on 


where TDS uc = average monthly TDS of Yellowstone River 
near Miles City 


and TDS.) = average monthly TDS of Yellowstone River 
near Sidney 
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Table 18 


REGRESSION EQUATIONS, TDS versus FLOWS 
TONGUE RIVER NEAR MILES CITY 


Month 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 


All Months 


log 


log 


log 


log 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


TDS 


FR 


Equation 
2.968046 e« .00001178 Q 


2,8869196 - ,0000093196 Q 


1445,71 e 217,25081 log Q 


1524,68 = 217.70712 log Q 


1348,75= 191,64864 log Q 


U22 Zi. VS9.05583 Log Q 


1513, 50 
1686. 28 
3eDE775 
1647,14 


3,69492 


, 2315420 


1672, 10 


e 


Cal 


260.79199 log Q 
301,87476 log Q 
.20078 log Q 
265.4541 log Q 
21753 log Q 
408,74805 log Q 


267,88599 log Q 


TDS = Average Monthly Total Dissolved Solids, mg/1 


Q = Monthly Discharge, acre-feet 


Zo 


Table 19 


REGRESSION EQUATIONS, TDS versus FLOWS 
YELLOWSTONE RIVER NEAR SIDNEY 


Month 


Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 


Dec 


All Months 


TDS 


ce) 
i] 


dl 


Average 


leg TDS 
TDS 
TDS 
log TDS 
TDS 
TDS 
TDS 
TDS 
log TDS 
TDS 
TDS 
TDS 


TDS 


rR 


taal 


SS 


Equation 
4.45663 - ,2983 log Q 


2469,44 = 339,72412 log Q 
2785,62 - 392,1665 log Q 
2.864506 - ,0000001684 Q 
561,71 = 0,00017959 Q 
198,98 + 0,00003539 Q 
917,41 - 101,69644 log Q 
2303.31 - 327,66333 log 9 
2,85842 - ,0000002973 log Q 
3745,50 - 561,71338 log Q 
3852,08 - 579,99414 log Q 
863,67 = ,00061612 Q 


2827.38 = 403,.47119 log Q 


Monthly Total Dissolved Solids, mg/1 


Monthly Discharge, acre-feet 
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CRITERTA 
Irrigation Depletions and Monthly Distribution 
Montana 
The calculations used to compute the irrigation depletions for the 
Without Plan and Recommended Plan for Montana are defined in the 


following discussion, 


The depletions were computed for the different planning areas based 

on the areats temperature, cropping patterns and evaporation rates. 
This data came from Bureau of Reclamation planning studies in the 
planning area, Table 21 is an example of how irrigation depletions 
were computed, The first five lines of this example show how the 
monthly distributions were established for depletions, Various Bureau 
of Reclamation Definite Plan Reports (DPR) were investigated for 
information concerning diverston and return flow patterns for 
different areas throughout the Yellowstone Basin, From these, monthly 


distributions could be established, 


Line 1 - A monthly distribution in percent for diversions, 
Based on information from a DPR for the respective 
drainage basin, 

Line 2 - Shows monthly diversion requirement in acre-feet 
per acre (AF/AC) from the DPR, 

Line 315 A monthly distribution in percent for return flows, 
Based on information from a DPR for the respective 


drainage basins, 
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Line 4 ~ Shows monthly return flows in AF/AC from the DPR, 

Line 5 4 Difference between Line 4 and Line 2, Shows 
depletions from DPR sadermatton 

Line 6 - Shows monthly dtstrtbutton of depletions for the 
Yellowstone River Mainstem - Livingston to Sidney, 

Line 7 - Shows monthly distributien of depletions for the 
Stillwater and Clarks Fork of Yellowstone River, 

Line 8 - Shows monthly distributton of depletions for the 
Bighorn River, 

Line 9 - Shows monthly distribution of depletions for the 


Tongue and Powder Rivers, 


Wyoming 

The irrigation depletions used were those developed by the Wyoming 
State Study Team, Total depletion values for irrigation were presented 
in two forms, acre-feet/year for the Recommended Plan and total acres 
to be irrigated annually for the Without Plan of Development, The 
procedure used in the distribution of the depletion in acre-feet/year 
was to develop percents for each month based on acre-feet/acre 
depletions on Lines 8 and 9 in Table 21, The monthly percents are 
shown in Table 22, The depletion acreages were distributed monthly 


according to the acre-feet/acre depletion rates, 


Wyoming has both groundwater and surface water irrigation development, 


The monthly distribution percents are presented in Table 22 for 
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groundwater irrigation, This distribution is the percent return flow 
used for surface water return and taken from the Hanover Bluff Unit 


Definite Plan Report, U,. S, ®ureau of Reclamation, 


Energy Depletions and Monthly Distribution 
Montana and Wyoming 


Depletions for energy's use of water within the study area boundaries 
were received from the State Study Teams as an annual depletion in 
acre-feet/year, These annual depletions were distributed monthly 
based on the following percents: 

| Month - Percent 


January 
February 
March 
April 
May 

June 
July 
August 
September 
October 
November 
December 


| _ 
COoMONOOWO O CO ON © 
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Municipal Depletions and Monthly Distribution 
Montana and Wyoming 


The State Study Teams projected annual depletions for future municipal 
water uses within the study area boundaries was distributed montly 


based on the percents below; 


Month ' Percent 
January 3 
February 8 
March 6 
April 7 
May 10 
June 10 
July 21 
August 14 
September 9 
October 9 
November 4 
December __4 
100 


Industrial Depletions and Monthly Distributton 
Montana and Wyoming 


The State Study Teams’ projected annual depletions for future industrial 


uses of water within the study area boundaries were distributed monthly 


— 


based on the following percents; 


Month 


January 
February 
March 
April 
May 

June 
July 
August 
september 
October 
November 
December 
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Percent 


PR 
DMDDIDD0O WMT 


| 


100 


Livestock Depletions and Monthly Distribution 
Montana and Wyoming 


The State Study Team provided annual depletion information in acre-feet/ 
year, Part of the reported depletions were direct consumption and the 
rest evaporation, In the operation studies it was Seotea these 
depletions would come from stockponds and would be depleted from the 
natural flow of a river or stream during the spring runoff when the 
stockponds filled, Thus, 50 percent of the livestock depletions were 


effected from the river system in May and the other 50 percent in 


June, 
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Information on evaporation rates were obtained from three sources; 


1, 
2. 


3, 


The evaporation figures used were based on the best available informa- 


tion for each river basin, 


The Climatic Atlas of the United States, 
The MRB Comprehensive Framework Study Volume 6, Plate 10, 


Various Definite Plan Reports, 


yiver basin based on the location, 


Three major existing reservoirs were aperated in using 1975 operating 


criteria and appropriate tnflows, The basic operating criteria of 


Boysen Reservoir were as follows; 


1. 


Starting in October, estimate uniform release through 
January to end with a content of 580,000 acre-feet, 
Release in February that quantity equal to January 
releases, 

Assume 100 percent runoff forecast on March 1 makes 
uniform releases to fill at end of July with maximum 
release for the month of March not greater than 135,000 
acre-feet, 

In July, do not exceed full content of 802,000 acre-feet, 
In August and September, release inflow but not less than 
72,000 acre-feet in August and 71,400 acre-feet in 


september, 
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Various evaporation rates were used in each 


So lo—o—loa 


mil 


> i 
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Operating criteria used for Buffalo Bill were as follows: 

1, After the reservoir peaks in June and July, release 
irrigation requirements through September, 

2, In October, release at uniform rate to reach 200,000 
acre-feet of storage by the end of January, but release 
no less than trrigation demands or powerplant capability, 

3. Assume 100 percent forecast in February to fill in June 
but do not spill until April and spill mostly in June, 
Hold releases so the minimum storage in April is 
169,000 acre-feet, 

4, Make minimum river releases at dam of 50 ft/s and 
200 £t>/s at Heart Mountain Powerplant, 


5. The maximum reservoir content ts 423,900 acre-feet, 


The operating criteria of Bighorn Lake were as follows: 

1, Make uniform releases January through March to bring 
reservoir storage down to 805,000 acre-feet and 
assuming 100 percent forecast on inflow, 

2, Make uniform releases April through June to fill in 
June and assume 90 percent forecast on inflow, 

3. With maximum storage at 1,116,000 acre-feet make 
releases in July to bring storage down to 1,068,000 
acre-feet, 

4, For the months August through December, release inflows 
plus that portion of water to draw the reseryoir down 


to 980,000 acre-feet in December, 
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5, Minimum monthly power releases are made to hold a firm 
power gutput January through December of 40,3, 40,0, 44,6, 
45.2 41545 44.0, 42205, 44,7, 4952, 93.9, Sho and. 44 1. 


million killowatt hours, respectively, 


The future reservoirs that were proposed by the State Study Teams 


were operated as runcofxtherriver reservoirs (as discussed in the 


Method Section of this report), Depletions for evaporation were 


made based on evaporation rates and average sufrace area of the 


reservoirs, 


~~ — Oo 
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RESULTS 
The depleted flows generated by the operation study are shown in the 
tables in the Water Quantity Section following this discussion, 
The tables include a computed flow record for each of the stations 
listed in Table 1 plus inflows to Boysen, Buffalo Bill and Yellowtail 
Reservoirs, Flows at each of the stations were computed for the 
following development levels furnished by the State Study Teams; 
1, 1975 Development Levels 
2, 1985 Without Development Level 
3. 2000 Without Development Level 
4, 1985 Recommended Development Level 
5, 2000 Recommended Development Level 
6, 2000 Recommended Development Level without SRD Projects 
7, 2000 Recommended Development Level without SRD and 
Pumping Projects 
8, 2000 Recommended Development Level without SRD and 
Storage Projects 
9, 2000 Recommended Development Level without SRD and 


Hardin Projects 
The term SRD refers to State Regional Development Account and simply 
refers to those irrigation projects that were economically feasible 


under this account, 


Table 23 lists the average annual flows for the various plans and 
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shows the depletion between 1975 development and each plan for three 
stations in the Yellowstone Rasin, $imilar analyses were made for 
other stations but are not shown. The three Leakbons Sidney, 

Miles City, and Billings, show maximum depletions for the 2000 
Recommended Development Level Plan. These depletions are 10, 8, 


and 1.6 percent of the 1975 Development Level flows, respectively, 


Other data listed in the appended tables are the maximum, minimum, 
average, and median flows an’? that flow which occurs in the river 
80, 60, 40, and 20 percent of the time, Other results referring to 
actual depletion of flows, reservoir operations, and instream flow 


needs are found in backup data for this study, 


Results from the water quality computation, determined by using the 
regression equations relating TDS versus flows, are found in the 
tables in the Water Quality Section, Table 24 lists the predicted 

TDS (mg/1) for the various plans and three Yellowstone River stations, 
The stations, Sidney, Miles City, and Billings, indicated flow 
depletions of 10, 8, and 1,6 percent for the 2000 Recommended Develop- 
ment Level Plan, respectively. Likewise, TDS increased with decreased 
flows for the 2000 Recommended Devleopment Level Plan 4, 4, and 1 
percent, respectively, or 20,3, 14,8, and 1.5 mg/l from 1975 TDS 

water quality values, Other stations that have tabulated water 


quality results are Tongue River, Greybull River, and Shoshone River. 
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